The reflection resonance spectrum of a subwavelength diffraction-grating-coupled waveguide is used to analyze biomolecular interactions in real time. By detecting this resonance wavelength shift, the optical waveguide biosensor provides the ability to identify the kinetics of the biomolecular interaction on an on-line basis without the need for extrinsic labeling of the biomolecules. A theoretical analysis of the subwavelength optical waveguide biosensor is performed. A biosensor with a narrow reflection resonance spectrum, and hence an enhanced detection resolution, is then designed and fabricated. Currently, the detection limit of the optical waveguide sensor is approximately 10 Ϫ5 refractive-index units. The biosensor is successfully applied to study of the dynamic response of an antibody interaction with protein G adsorbed on the sensing surface.
Introduction
The development of biochips for biomolecular interaction analysis has proved to be a crucial enabling technology in permitting the progression of genomic study to proteomic study. These biochips provide powerful tools that are capable of detecting not only the interactions of relatively massive genes but also those of tiny biomolecules. Conventional biomolecular analysis techniques generally rely on some form of fluorescence detection technique. However, such detection systems require fluorescence labeling, a process that is both tedious and complex. Furthermore, the fluorescence level of the labeled biomolecules inevitably declines over time. Finally, these systems struggle to identify the kinetic information related to molecular interactions. Therefore label-free examination methods are highly attractive and merit further study.
The abnormal reflection phenomenon exhibited by a grating was discovered by Wood in 1902. 1 Since then, many theoretical and experimental methods have been proposed for investigating the various types of diffraction grating structure. [2] [3] [4] [5] [6] [7] [8] [9] Yariv and Nakamura 10 and Yariv and Yeh 11 explored and extended periodic thin-film waveguide theory and its applications, including modal solutions, optical filters, and distributed-feedback lasers. 10, 11 Tiefenthaler and Lukosz demonstrated a waveguide diffraction-grating structure for optical switching and gas sensing 12 and later analyzed the sensitivity of the diffraction-grating structure when it is used to probe for biochemical molecules. 13 Exploiting the polarization selectivity of unidimensional diffraction gratings, Magnusson and Wang applied a resonance waveguide diffraction-grating structure, also known as a guided-mode resonance filter, to polarized light filtering and electro-optic switching. 14 In 1996 Peng and Morris extended the theory of unidimensional diffraction-grating structures to their two-dimensional counterparts. 15, 16 These subwavelength diffraction-grating waveguides are known by many other names, including guided-mode resonance subwavelength gratings, resonant waveguide gratings, and resonant grating waveguides.
Cunningham et al. applied a two-dimensional diffraction-grating structure to the detection of biochemical molecules and achieved a resolution of
Conclusions
The resonance wavelength shift of the subwavelength grating-coupled waveguide proposed in this study facilitates the dynamic on-line identification of biomolecular interaction without the need for extrinsic labeling. Having first performed the theoretical analysis and design of a subwavelength optical waveguide biosensor, we fabricated a biosensor with a narrow reflection resonance wavelength spectrum and hence an improved wavelength-detection resolution. Integrating the subwavelength grating-coupled waveguide sensor with a compact normally incident spectroscope, we identified a detection limit of approximately 10 Ϫ5 RIU during the testing of several buffer solutions. Furthermore, the dynamic response of an antibody interacting with protein G adsorbed on the sensing surface of the biosensor has been successfully observed. Compared with the use of a collimated white-light beam, using an objective lens to condense the white light onto the chip preserves the signal-tonoise ratio of the detection. Therefore, adjusting the imaging field aperture to limit the effective chip scope to less than 100 m in diameter led to simultaneous illumination of more than 2500 spots on a glass plate of approximately 10 mm ϫ 10 mm, thereby satisfying the requirements of high-throughout screening. 
